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Simple circuits provide nonlinearity 

Abel Raynus, Armatron International, Melrose, MA 
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n analog design, you might need to 
create an amplifier with non- 
linear dynamic characteris- 



Figure 1 



tics — for example, logarithmic, expo- 
nential, or square-law. Usually, such 
amplifiers are complicated. However, the 
project often does not require mathe- 
matical precision. For example, you 
might just need to increase the dynamic 
range of an amplifier, or to eliminate sat- 
uration for an extended input-voltage 
range. The Design Idea is based on the 
nonlinear voltage attenuator with the at- 
tenuation ratio m=V Arr /V. N , controlled 
by the input voltage (Figure la). When 
V, N is small enough to hold off D,, m= 1. 
When the input voltage increases and at- 
tains a certain threshold voltage, V TH , the 
diode conducts, and the attenuation ra- 
tio decreases. The new value of m de- 
pends on the values of and Rj. R, and 
R 2 determine the threshold level, V^. 
Hence, you can estimate the resistors R, 
and R^ for a given R,,, V^, and m as: 
where V D is the drop across diode D^and 
V R is the dc voltage applied to R, and Rj. 
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Note that you can create 
any characteristic by 
choosing the proper ratio, 
m, and the threshold volt- 
age for each fragment of 
the resulting char- 
acteristic. Also, the 
linear approximation 
good for calculation pur- 
poses, but the real ratio 
changes smoothly near the 
threshold voltage. Finally, 
use Schottky diodes to in- 
crease the voltage range of 
regulation. Figure lb 
shows the dynamic re- 
sponse of the attenuator 
for the constant ratio 
m= 0.1 6 but for different 
threshold voltages. The 
measured voltage is V = 
V^— V D . To increase the 
dynamic range of an am- 
plifier, you should put the 
nonlinear attenuator at the 
input of the amplifier. To 
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widen the range, you can use a two-stage I 
attenuator. Figure 2 shows such an I 
amplifier and its recorded charac- L— • ' 
teristic. The applications of the nonlin- 
ear attenuator are not limited to increas- 
ing dynamic range. You can obtain a 
square-law response, for example, by 
putting the attenuator in a feedback cir- 
cuit (Figure 3). 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 
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Regulator IC forms 

convenient overvoltage 



Robert Bell, On Semiconductor, 

Figure i shows a simple, stand- 
alone overvoltage detector. The in- 
tent of the circuit is to monitor a 
voltage, V MONITOR , and set the output, 
V OUT , high when the monitored voltage 
exceeds a preset threshold. The mini- 
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mum allowable threshold for this circuit 
is 1.25V. The operation of the circuit re- 
volves around the TLV431 shunt regula- 
tor. This IC is based on the popular 
TL43 1 shunt regulator. The difference is 
that the TLV431's internal reference is 
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1 .25V, as opposed to 2.5V for the TL43 1 . 
When the voltage at the control input is 
less than 1 .25V, the regulator's cathode 
current is essentially zero. If the control 
input exceeds 1.25V, the cathode con- 
ducts and turns Q, on to produce a high 
output at V QUT . The trip threshold, de- 
termined by resistors R, and Rj, is 
Vthreshold^SU + W- D,, thedi- 
ode between V QUT and the control input, 
provides hysteresis and latches the over- 
voltage fault condition. If you don't need 
latching operation, you can add a resistor 
in series with the diode to lower the hys- 
teresis value and prevent the circuit from 
latching. 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 



an inexpensive overvoltage detector. 
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